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METHOD AND APPARATUS FOR DETERMINING A POSITION OF AN 
ATTITUDE CONTROL MOTOR ON A GUIDED MISSILE 

CROSS REFERENCE TO RELATED APPLICATIONS 

5 This application is related to U.S. Patent Application No. , entitled, 

"Method and apparatus for determining a position of a location dependent device," filed 
concurrently herewith. 

10 BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates generally to a guided missile, and, more particularly, to 
determining a position of an attitude control motor on a guided missile. 

15 2. DESCRIPTION OF THE RELATED ART 

Attitude control motors are typically installed in various positions on a guided missile 
adjust the attitude of the guided missile in flight. For example, a plurality of attitude control 
motors may be deployed at a plurality of locations on the guided missile. The attitude control 
motors may be used to change the heading of the guided missile so that the guided missile 
20 travels in a desired direction. In one embodiment, the attitude control motors may include an 

explosive device, such as a pyrotechnic squib, to provide a desired impulse to the guided 
missile. Alternatively, the attitude control motors may include an actuator that may be used to 
change the orientation of a flight control surface. 

25 One or more buses may be used to transmit signals between a controller and the 

attitude control motor. For example, the heading of the guided missile may be changed by 
selecting one of the attitude control motors deployed on the guided missile and transmitting a 
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control signal to activate the selected one of the attitude control motors. The control signal 
includes an address signal, which indicates the address of the selected attitude control motor, 
so that only the selected attitude control motor will activate in response to the control signal. 

5 The attitude control motors have their addresses programmed prior to being installed 

on the guided missile. However, the attitude control motors may be installed in the wrong 
location or be programmed with the wrong address. Errors such as these may not be visibly 
or electronically detectable. Therefore, it may not be possible to determine that all of the 
attitude control motors have been installed in the correct location. An incorrectly installed 
10 motor and/or sensor may not operate in the desired manner. For example, if one or more 

attitude control motors are installed in the wrong location, or programmed with the wrong 
address, the attitude control motor may activate and steer the missile in a direction that is 
different from the desired direction. 

15 SUMMARY OF THE INVENTION 

In one aspect of the instant invention, an interconnect is provided for an attitude 
control device. The interconnect includes at least one bus adapted to provide at least one bus 
signal to the attitude control device and a plurality of electrical contacts external to the 
attitude control device and capable of providing a signal indicative of a physical location of 
20 the attitude control device when the attitude control device is installed. 

In another aspect of the present invention, a system for determining a position of at 
least one attitude control device deployed on a guided missile is provided. The system 
includes at least one bus capable of transmitting at least one bus signal and a plurality of 
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interconnects. Each of the plurality of interconnects is capable of receiving the bus signal 
from the bus and providing the bus signal to at least one attitude control device associated 
with the interconnect. The system also includes a plurality of electrical contacts, at least two 
of the plurality of electrical contacts being associated with each of the interconnects and 
5 being capable of providing a signal indicative of a physical location of the interconnect to the 

attitude control device associated with the interconnect when the attitude control device is 
installed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The invention may be understood by reference to the following description taken in 

conjunction with the accompanying drawings, in which like reference numerals identify like 
elements, and in which: 

Figure 1 shows one embodiment of a guided missile having a plurality of location- 
1 5 dependent attitude control motors; 

Figure 2 illustrates one embodiment of a flexible substrate that may be deployed in 
the guided missile shown in Figure 1 ; 

20 Figures 3A-C illustrate three alternative embodiments of a circuit that may be 

deployed on the flexible substrate shown in Figure 2; and 

Figures 4A and 4B conceptually illustrate one embodiment of an attitude control 
motor that may be coupled to a flexible interconnect. 
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While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, that the description herein of 
5 specific embodiments is not intended to limit the invention to the particular forms disclosed, 

but on the contrary, the intention is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as defined by the appended claims. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

10 Illustrative embodiments of the invention are described below. In the interest of 

clarity, not all features of an actual implementation are described in this specification. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
implementation- specific decisions must be made to achieve the developers' specific goals, 
such as compliance with system-related and business-related constraints, which will vary 

15 from one implementation to another. Moreover, it will be appreciated that such a 

development effort might be complex and time-consuming, but would nevertheless be a 
routine undertaking for those of ordinary skill in the art having the benefit of this disclosure. 

Figure 1 shows one embodiment of a guided missile 100. A controller 105 in the 
20 guided missile 100 is coupled to a plurality of location-dependent attitude control motors 1 10, 

115, 120, 125. In various alternative embodiments, the location-dependent attitude control 
motors may include a plurality of initiators 1 1 0 (only one indicated) coupled to a plurality of 
explosive devices 115 (only one indicated), such as pyrotechnic squibs, a plurality of 
actuators 120 (only one indicated) coupled to a plurality of flight control surfaces 125 (only 
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one indicated), and the like. Although four initiators 110, four explosive devices 115, four 
actuators 120, and two flight control surfaces 125 are depicted in Figure 1, the present 
invention is not limited to a particular number of location-dependent attitude control motors. 
For example, an average-size guided missile 100 may include about 150 attitude control 
5 motors. However, a larger guided missile 100 may include about 1000 or more attitude 

control motors, whereas a smaller guided missile 100 may have fewer attitude control motors. 

The controller 105 is coupled to the location-dependent attitude control motors by one 
or more buses 130, which may transmit bus signals to the location-dependent attitude control 

10 motors 110, 115, 120, 125. In various alternative embodiments, the bus signal may include 

one or more of a control signal, a command signal, a power signal, and the like. In various 
alternative embodiments, the one or more buses 130 may be any desirable type of buses, 
including, but not limited to, a 2-wire bus and a 4-wire bus, and the one or more buses 130 
may use any of a variety of standard protocols including, but not limited to, RS-232 and 

15 SDLC protocols. When installed, the plurality of attitude control motors are coupled to the 

buses 130 by a corresponding plurality of interconnects that are capable of providing a signal 
indicative of the physical location of the attitude control motors to the attitude control motors, 
when installed, as discussed in detail below. 

20 Figure 2 illustrates one embodiment of a flexible substrate 200 including a plurality of 

openings 205. In one embodiment, a plurality of flexible interconnects 210 are formed in the 
plurality of openings 205. However, the openings 205 are optional and not necessary for the 
practice of the present invention. For example, in alternative embodiments, the interconnects 
210 may be formed on the flexible substrate 200. In one embodiment, flexible substrate 200 
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may be deployed interior to the guided missile 100 shown in Figure 1. However, in 
alternative embodiments, the flexible substrate 200 may be deployed on the exterior of the 
guided missile 100, within various layers used to form the skin (not shown) of the guided 
missile 100, proximate one or more flight control surfaces, or at any other desirable location. 

5 

A bus 220 may be coupled to at least one electrical contact 215 formed on each of the 
flexible interconnects 210. In one embodiment, the bus 220 may be formed onto the flexible 
substrate 200. However, in alternative embodiments, the bus 220 may not be formed on the 
flexible substrate 200. For example, the bus 220 may be formed of wires, leads, traces, 

10 ribbon tape, or any suitable flexible substrate known in the printed circuit art that may be 

deployed proximate the flexible substrate 200 and may permit the bus 220 to be coupled to 
the at least one electrical contact 215. As discussed above, the bus 220 may provide one or 
more bus signals to the at least one electrical contact 215. When installed, the attitude control 
motors may contact the at least one electrical contact 215 and receive bus signals from the 

15 bus 220. 

The flexible interconnects 210 include a circuit 225 capable of providing a signal 
indicative of a physical location of the attitude control motor, when the attitude control motor 
is installed. Figures 3A-C illustrate three alternative embodiments of the circuit 225. 
20 Although the present invention is not so limited, each of the alternative embodiments 

illustrated in Figures 3A-C include three leads 300 coupled to three electrical contacts 301. 
The three leads 300 and the three electrical contacts 301 may provide bus signals to the 
attitude control motor. For example, the three leads 300 and the three electrical contacts 301 
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may provide a control signal, a command signal, and a power signal to the attitude control 
motor when the attitude control motor is installed. 

In the embodiment shown in Figure 3A, the circuit 225 includes a first electrical 
5 contact 305 that may be coupled to a plurality of second electrical contacts 310(1-6). In one 

embodiment, the first electrical contact 300 may be coupled to the second electrical contacts 
310(1-6) by a conductive trace 315 formed in the flexible interconnects 210. However, in 
alternative embodiments, the first electrical contact 305 may be coupled to the second 
electrical contacts 310(1-6) by any desirable means including, but not limited to, wires, leads, 

10 and the like. In one embodiment, the first electrical contact 305 and the plurality of the 

second electrical contacts 310(1-6) may be sockets adapted to receive pins. In another 
embodiment, the first electrical contact 305 and the plurality of the second electrical contacts 
310(1-6) may be solderable contacts. Although six second electrical contacts 310(1-6) are 
shown in Figure 3A, persons of ordinary skill in the art will appreciate that any desirable 

15 number of second electrical contacts 310(1-6) may be used. Moreover, additional first 

electrical contacts 305 may also be used in alternative embodiments. 

When installed, the attitude control motor may use the first and second electrical 
contacts 305, 310(1-6) to determine the physical location of the attitude control motor. For 
20 example, a reference voltage may be provided to the first electrical contact 305. In one 

embodiment, the reference voltage may be provided to the first electrical contact 305 by the 
attitude control motor, when the attitude control motor is installed. However, the present 
invention is not limited to embodiments where in the reference voltage is provided by the 
installed attitude control motor. In alternative embodiments, the reference voltage may be 
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provided by the controller 105 (shown in Figure 1) via the bus 130, by a separate voltage 
source (not shown), and the like. 

The first electrical contact 305 provides the reference voltage to any of the second 
5 electrical contacts 310(1-6) to which the first electrical contact 305 is electrically coupled. In 

the embodiment illustrated in Figure 3 A, the first electrical contact 305 is electrically coupled 
to second electrical contacts 310(2), 310(4), and 310(6). Thus, when the attitude control 
motor is installed, the circuit 225, including the plurality of electrical contacts 305, 310(1-6), 
may provide a signal, i.e., a binary address 010101, indicative of the physical location of the 
10 attitude control motor. 

In one embodiment, the circuit 225 may be created at the time the flexible 
interconnect 210 is fabricated. For example, the first electrical contacts 305 may be 
electrically coupled to any of the second electrical contacts 310(1-6) by forming the electrical 

15 trace 315 in the flexible interconnect 210 at the time the flexible interconnect 210 is formed. 

However, in alternative embodiments, the circuit 225 may be created at any desirable time. 
For example, in the embodiment illustrated in Figure 3B, a plurality of fuses 320 may be 
formed intermediate the first electrical contact 305 and the second electrical contacts 310(1- 
6). The circuit 225 may then be programmed by blowing selected fuses 320 so that selected 

20 ones of the second electrical contacts 310(1-6) are electrically coupled to a first electrical 

contact 305. 

Alternatively, the circuit 225 may include a circuit element 325 deployed intermediate 
the first electrical contact 330 and a second electrical contact 335, as shown in the 
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embodiment illustrated in Figure 3C. In various embodiments, the circuit element 325 may 
include a resistor, a capacitor, a voltage reference circuit, and the like. For example, the 
circuit element 325 may include a trace having a selected length and/or cross-section. In 
length and/or cross-section may be selected so that the trace provides a selected resistance 
5 between the first electrical contact 330 and the second electrical contact 335. When installed, 

the attitude control motor may use the first and second electrical contacts 330, 335 and the 
circuit element 325 to determine the physical location of the attitude control motor. For 
example, the attitude control motor may be capable of detecting the resistance of the circuit 
element 325 and using the resistance of the circuit element 325 to determine the physical 
10 location of the attitude control motor. For example, a resistance of 1Q may indicate a first 

position and a resistance of 2Q. may indicate a second position. 

Figures 4A and 4B conceptually illustrate one embodiment of an attitude control 
motor 400 that may be coupled to a flexible interconnect 405, such as the embodiment of the 

15 flexible interconnect 405 shown in Figure 3 A. In Figure 4A, the attitude control motor 400 is 

positioned substantially above the flexible interconnect 405. The attitude control motor 400 
has a plurality of pins 410 (only one indicated) that are capable of being inserted in, and 
thereby coupled to, the electrical contacts 310(1-6). For example, in the illustrated 
embodiment, the electrical contacts 310(1-6) may be sockets, as described above. In Figure 

20 4B, the attitude control motor 400 is installed so that the plurality of pins 410 are inserted in, 

and thereby coupled to, the electrical contacts 310(1-6) on the flexible interconnect 405. 

Referring again to Figure 1 , in the illustrated embodiment, the guided missile 1 00 is 
traveling in a direction indicated by arrow 135. It may be desirable to change the heading of 
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the guided missile 100 so that the guided missile 100 is traveling in a direction indicated by 
arrow 140. For example, it may be desirable to change the heading of the guided missile 100 
so that the guided missile 100 may intercept a target 145. In one embodiment, the controller 
105 may determine when it is desirable to change the heading of the guided missile 100 and 
5 may provide a signal indicative of the desired change in the heading of the guided missile 

100. The provided signal may be used to activate one or more of the plurality of attitude 
control motors. However, in alternative embodiments, and external controller 150, such as a 
ground-based station, may determine when it is desirable to change the heading of the guided 
missile 100 and may transmit this information to the controller 105, which may then transmit 
10 a signal that may be used to activate one or more of the plurality of attitude control motors. 

For example, the signal may include an address indicative of one or more of the attitude 
control motors. 

Since the physical location of the attitude control motors corresponding to the address 
15 provided by the controller 105 may be determined by the installed attitude control motors 

using the circuit 225, it is not necessary to program the address into the attitude control 
motors prior to installation. Furthermore, the physical address indicated by the circuit 225 
may be visibly or electronically detectable, and so it may be possible to determine that all of 
the circuits 225 have been programmed to correspond to the correct and physical location. 
20 Consequently, the likelihood that an incorrectly installed, or programmed, attitude control 

motor may operate in an undesirable manner may be reduced. For example, the likelihood 
that an attitude control motor may be incorrectly activated and steer the missile in a direction 
that is different from the desired direction may be reduced. 
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The particular embodiments disclosed above are illustrative only, as the invention 
may be modified and practiced in different but equivalent manners apparent to those skilled 
in the art having the benefit of the teachings herein. Furthermore, no limitations are intended 
to the details of construction or design herein shown, other than as described in the claims 
5 below. It is therefore evident that the particular embodiments disclosed above may be 

altered or modified and all such variations are considered within the scope and spirit of the 
invention. Accordingly, the protection sought herein is as set forth in the claims below. 



10 
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